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(54)Title: AMORPHOUS NANO-SCALE CARBON TUBE AND PRODUCTION METHOD THEREFOF 




(57) Abstract 

A linear, nano-scale-order amorphous carbon tube provided with an extended-period, stable occlusion power for various kinds of 
gases and being stable in shape; and a novel industrial production method for the carbon tube with high purity, high yield and high 
mass-productivity. The amorphous carbon tube is produced by exciting, in the presence of a catalyst consisting of metal powder and/or 
metal salt, thermally decomposing resin having decomposition temperatures of 200 to 900°C, or by heat-treating at temperatures up to 
3000°C a carbon material containing reactive -C=C- and/or =C= 
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JC18 Rec f d PCT/PTO 2 5 M 200\ 



An English t r ansla tion of Am endment f ile d on J ul y 4 , 2 00 0 
according to Article 34 of PCT 



Please note that the applicant filed this amendment just prior to the 
issuance of the Written Opinion from the International Preliminary 
Examining Authority (IPEA = Japanese Patent Office). In this amendment, 
the applicant added claims 20 to 26. 

We herewith enclose an English translation of the Japanese-language 
replacement pages 44 and 44/1 setting forth claims 17*26 and submitted to 
the IPEA. Please note that claims 17-19 were not amended. 



THIS PAGE BLANK (uspto) 



PATENT COOPERATION TREATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
P99-58 


SeeNotificationof IVansmittaloflntcrnational Preliminary 
FOR FURTHER ACTION Examination Report ( Form PCT/I PEA/4 1 6) 


International application No. 


International filing date {day/month/year) 


Priority date {day/month/year) 


PCT/JP99/06061 


29 October 1999 (29.10.99) 


28 December 1998 (28.12.98) 


International Patent Classification (IPC) or national classification and IPC 




C01B 31/02, B01J 20/20, F17C 


11/00 




Applicant 

OSAKA GAS COMPANY LIMITED 



This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



_ sheets, including this cover sheet. 
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Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 
I [X] Basis of the report 
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Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 
Certain observations on the international application 
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24 May 2000 (24.05.00) 


Date of completion of this report 

27 October 2000 (27. 1 0.2000) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPEA/409 (cover sheet) (July 1998) 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JP99/06061 



I. Basis of the report 



1 . With regard to the elements of the international application:* 
[ | the international application as originally filed 

the description: 

pages 1-40 > as ori gi nall y f" lled 

pages , filed with the demand 

pages , filed with the letter of 

the claims: 



pages 



2-5,7- 1 9 , as originally filed 



pages , as amended (together with any statement under Article 19 



pages 



, filed with the demand 



pages 1,6,27 , filed with the letter of 1 7 October 2000(17.10.2000) 

^ the drawings: 



pages lj-S , as originally filed 

pages , filed with the demand 

pages , filed with the letter of 

| | the sequence listing part of the description: 

pages ^ , as originally filed 

pages ___„ ' fi' ec * w ' tn tne demand 

pages , filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

| | the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
1 1 the language of publication of the international application (under Rule 48.3(b)). 

| 1 the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

1 1 contained in the international application in written form. 

1 1 filed together with the international application in computer readable form. 

1 1 furnished subsequently to this Authority in written form. 

1 1 furnished subsequently to this Authority in computer readable form. 

| | The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
| 1 The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished. 

4- 1X1 The amendments have resulted in the cancellation of: 
I I the description, pages ^_ 



the claims, Nos. 20-26 

1 I the drawings, sheets/fig 



I ] This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
' — ' beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70. J 6 
and 70.17). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



I . Statement 

Novelty (N) 

Inventive step (IS) 
Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-19, 27 



1-19, 27 



1-19, 27 



YES 
NO 
YES 
NO 

YES 
NO 



Citations and explanations 
Document 1 



Document 2 



Wenlou Wang et al . , * Amorphous-carbon 
nanotube: The growth intermediates of 
graphitic carbon nanotube?". Electrochemical 
Society Proceedings, Vol. 97, No. 14 (1997), 
pp. 814-824 

E. F. Kukovitskii et al., "Carbon nanotubes 
of polyethylene", Chemical Physics Letters, 
Vol. 266 (1997), pp. 323-328 
JP, 62-500943, Al (Hyperion Catalysis 
International Inc.), 16 April 1987 (16.04.87) 
JP, 10-72201, A (Toyota Motor Corp.), 17 
March 1998 (17.03.98) 

A. C. Billion, et al . , 'Storage of hydrogen 
in single-walled carbon nanotubes", Nature, 
Vol. 386 (1997), pp. 377-379 



The inventions described in Claims 1-19 and 27 are 
novel and involve an inventive step relative to Documents 
1-5 above. 

Document 1, cited in the _ international search 
report, discloses non-graphi tized nanotubes and indicates 
that these nanotubes have an amorphous structure except 
for a "dark spot" . However, the dark spot observed in. the 



Document' 3 



Document 4 



Document 5: 
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nanotubes is described as a remnant of the graphite 



structure (see page 815, line 10 from the bottom to page 
816, line 7) . 

Document 2, cited in the international search 
report, discloses the production of carbon nanotubes by 
thermolysis of polyethylene at 420-450°C in the presence 
of a nickel catalyst; however, it is stated that the gap 
(d002) between the (002) planes in the carbon network is 
0.34 run, or 3.4 A (see page 324, left column, line 1 to 
right column, line 3 and page 326, left column, lines 
29-36) . 

Similarly, Document 3 discloses hollow carbon fibres 
with a laminar structure and a nano-scale diameter; 
however, said carbon fibres do not comprise solely an 
irregular amorphous structure, but this coexists with a 
regular graphite structure (see the claims). 

Documents 4 and 5, cited in the international search 
report, disclose the possibility of using nanotubes as gas 
occluding materials, for example as hydrogen occluding 
materials; however they do not disclose or indicate 
nanotubes with an amorphous structure. 



The nano-scale carbon tubes having an amorphous 
structure in the invention described in Claims 1-19 and 
27, on the other hand, are characterized in that on X-ray 
diffraction (incident X-rays: CuKa) the observed d002 is 
3.54 A or greater, and the diffraction angle (20) is 25.1? 
or less; and they show a greatly superior gas occluding 
capacity due to this structure. 

In this connection, according to *Kaitei tanso 
zairyo nyumon" [Revised introduction to carbon materials], 
Carbon Society of Japan, pp. 4-9, the relationship 
expressed by the Franklin equation (page 6, right column, 
line 2) indicates that a graphite structure is present 
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when d002 is less than 3.44 A. 

Given this, it is evident that when d002 is 3.54 A 
or greater and the diffraction angle (20) is 25.1 or less, 
as in the invention of the present application, there is 
no graphite structure, so that the material is not the 
same as those in Documents 1 and 3, which include a 
graphite structure. The material in Document 2 with a d002 
value of 3.4 A is also clearly distinguishable from the 
material in the invention of the present application, 
which has a d002 value of 3.54 A or greater. 

Moreover, a person skilled in the art could not 
easily conceive from the nanotubes disclosed in ^Documents 
1-3 that nano— scale carbon tubes which have an amorphous 
structure and greatly superior gas occluding^capacity can 
be obtained when d002 is 3.54 A or greater and the 
diffraction angle (29) is 25.1° or less, as in the 
invention of the present application. 
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VIII. Certain observations on the international application 



Hie following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
NUpported by the description, are made: 

Claims 13-15 relate to a process for producing 
amorphous nano-scale carbon tubes described in' Claims 1-7, 
wherein a thermolysable resin- is heated at a temperature 
in the range 300-3000°C in the presence of a nickel 
catalyst; and in pages 12-14 of the description and 
Example 13 polyethylene is employed as the aforementioned 
thermolysable resin. . ~~ 

Document 2, cited in the international search 
report, describes the production of carbon nanotubes by 
thermolysing polyethylene at 420-450°C in the presence of 
a nickel catalyst, so that the process for producing the 
nanotubes described in Document 2 uses the same treatment 
as the production process described in aforementioned 
Claims 13-15. However, d002 for the nanotubes described in 
Document 2 is 0.34 nm, or 3.4 A, whereas the invention 
described in Claims 13-15 is a process for producing 
nanotubes with a value for d002 of 3.54 A or greater. 

Given this, the production process as described in 
Claims 13-15 cannot be said to present conditions for 
giving a d002 value of 3.54 of greater; and it is unclear 
from reference to the description as a whole how the 
process described in Claims 13-15 gives a value for d002 
of 3.54 A or greater. 
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-1- 
CLAIMS 

1. (amended) Nano-scale carbon tubes each 
containing a main framework which comprises carbon, and 
each having a diameter of 0.1 to 1000 nm and an amorphous 
5 structure, and each having an interlayer spacing (002) 

between hexagonal carbon layers of at least 3.54 A and a 
diffraction angle (28) of 25.1 degrees or less, as 
determined with a dif f ractometer by an X-ray diffraction 

method (incident X-ray: CuKa) . 

10 2. The nano-scale carbon tubes according to 

claim 1, each of which comprises hexagonal carbon layers 
each having a dimension in a planar direction that is 
smaller than the diameter of the carbon tube, as 
determined from a transmission electron microscope image. 

15 3. The nano-scale carbon tubes according to 

claim 1 or 2 , each of which has an interlayer spacing 
(002) between hexagonal carbon layers of at least 3.54 A, 
a diffraction angle (29) of 25.1 degrees or less, and a 20 
band half -width of at least 3.2 degrees, as determined 

20 with a dif f ractometer by an X-ray diffraction method 
(incident X-ray: CuKa) . 

4 . Amorphous nano-scale carbon tubes according 
to any one of claims 1 to 3, each of which has a straight 
shape . 

25 5. Amorphous nano-scale carbon tubes according 
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If 
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to any one of claims 1 to 4 , each of which has a hollow 
cylindrical shape or a hollow rectangular prism shape. 

6. (amended) Amorphous nano- scale carbon tubes 
according to any one of claims 1 to 5 , each of which has 

5 at least one open end. 

7. The amorphous nano -scale carbon tubes 
according to any one of claims 1 to 6 , which are formed on 
a substrate, a particle or a porous material. 

8. A gas -storing material comprising an 

10 amorphous carbonaceous material containing the amorphous 
nano- scale carbon tubes according to any one of claims 1 
to 7. 

9. The gas -storing material according to claim 8, 
which contains at least one of a metal salt and a metal. 

15 10. The gas -storing material according to claim 

9 , wherein the metal salt and the metal are selected from 
the group consisting of iron, cobalt, nickel, copper, 
platinum, palladium, rubidium, strontium, cesium, vanadium, 
manganese, aluminum, silver, lithium, potassium, sodium, 

20 magnesium, hydrogen -occluding alloys and metal complexes. 

11. A method for storing a gas, wherein a gas is 
stored using the gas -storing material according to any one 
of claims 8 to 10. 

12. The method according to claim 11, wherein 
25 the gas to be stored is hydrogen, methane, helium, neon. 
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17. The method for producing said carbon 
material containing the amorphous nano-scale carbon tubes 
according to claim 13 or 14, wherein the excitation 
treatment of the heat decomposable resin is carried out by 
plasma treatment in an inert gas at a temperature of room 
temperature to 3000 °C. 

18. The method for producing said carbon 
material containing the amorphous nano-scale carbon tubes 
according to claim 13 or 14, wherein the excitation 
treatment of the heat decomposable resin is carried out by 
electron beam irradiation treatment in an inert gas at a 
temperature of room temperature to 3000°C. 

19. The method for producing said carbon 
material containing the amorphous nano-scale carbon tubes 
according to claim 13 or 14, wherein the excitation 
treatment of the heat decomposable resin is carried out by 
ion beam irradiation treatment in an inert gas at a 
temperature of room temperature to 3000° C. 

20. (added) Carbon nanotubes each having a non- 
graphitic structure. 

21. (added) The carbon nanotubes according to 
claim 20, each of which has a diameter of 0.1 to 100 nm. 

22 . (added) The carbon nanotubes according to 
claim 20, each of which has a length twice as long as its 
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diameter . 

23. (added) The carbon nanotubes according to 
claim 20, each of which has a straight shape. 

24 . (added) The carbon nanotubes according to 
claim 20, each of which has a flat end. 

25. The carbon nanotubes according to claim 20 
which are formed on a substrate, a particle or a porous 
material . 

26. A hydrogen -storing material comprising the 
carbon nanotubes according to any one of claims 20 to 25 
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27. (added) A carbon material containing the 
amorphous nano-scale carbon tubes according to any one of 
claims 1 to 7 . 
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17. The method for producing said carbon 
material containing the amorphous nano-scale carbon tubes 
according to claim 13 or 14, wherein the excitation 
treatment of the heat decomposable resin is carried out by 
plasma treatment in an inert gas at a temperature of room 
temperature to 3000 °C. 

18. The method for producing said carbon 
material containing the amorphous nano-scale carbon tubes 
according to claim 13 or 14, wherein the excitation 
treatment of the heat decomposable resin is carried out by 
electron beam irradiation treatment in an inert gas at a 
temperature of room temperature to 3000° C. 

19. The method for producing said carbon 
material containing the amorphous nano-scale carbon tubes 
according to claim 13 or 14, wherein the excitation 
treatment of the heat decomposable resin is carried out by 
ion beam irradiation treatment in an inert gas at a 
temperature of room temperature to 3000° C. 



20. 



(cancelled) 



21. 



(cancelled) 



22. 



(cancelled) 



23. 



(cancelled) 



25. 



24. 



26. 



(cancelled) 



(cancelled) 



(cancelled) 




An English translation of Amendment filed on October 17. 2000 

according to Article 34 of POT 



Please note that this amendment was filed in response to the Written 
Opinion from the International Preliminary Examining Authority (IPEA = 
Japanese Patent Office). In this amendment, the applicant canceled claims 
20 to 26, amended claims 1 and 6 and added claim 27. 

We herewith enclose an English translation of the Japanese-language 
replacement pages 41, 42, 42/1 and 44 submitted to the IPEA and setting 
forth claims 1 to 11 and a part of claim 12, claims 17- 19 and claim 27. 
Please note that claims 2 5, 7- 12, and 17- 19 in the attached English 
translation were not amended. 
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Fig. 1 (a) Schematic morphologies from 
thick fibers to carbon nanotubes, and (b) 
variation of interlayer spacing as a 
function of diameter. 



Fig.2 FE-SEM image (a) and TEM 
image (b) of carbon nanotubes extruded 
from broken carbon nanofibers. 
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Fig.3 Schematic growth model of nanofibers in floating reactant method. 
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Fig. 4. FE-SEM images of (a) as-grown pig. 5. FE-SEM images of (a) as-grown 
and (b) graphitized semi-crystalline and (b) graphitized highly crystalline 
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Fig. 6. TEM images of (a) as-grown, Fig. 7. TEM images of (a) as-grown and (b) 

(b) HTT=2000°C, and HTT=2800°C graphitized highly crystalline nanofibers. 
for semi-crystalline nanofibers; 
Inserted one: SAD patterns. 
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Fig. 8. STM images of (a) thick VGCFs, (b) semi-crystalline nanofibers and (c) highly 
crystalline nanofibers for graphitized samples. 
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Fig. 9 (a) FE-SEM image of synthetic 
graphite-based electrode containing pyrolytic 
carbon nanofiber and (b) cyclic efficiency as 
a function of weight percent of pyrolytic 
nanofibers. 
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Fig. 10 Variation of specific capacitance for 
two types of electrode containing pyrolytic 
nanofiber and carbon black, respectively. 
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Fig. 11 (a) Schematic diagram of VGCF-tip 
assembly as tip of STM, (b) electrochemical 
etched thick VGCFs as field emitter. 
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